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RESUMEN 
ETAYO, M. L.; DE MIGUEL, A. M. ; DE ROMÁN, M. (1999) . Ectomicorrizas 
que aparecen en avellano (CO/y/us avellana L.), roble (Quercus faginea Lam.) y 
encina (Qu erals ¡¡ex L. subsp. ballota (Desf.) Samp.) en una trufera cultivada a lo 
largo de 4 años de muestreo. Pub. Bio. Univ. Navarra, Ser. Bot., 12: 13-22. 
Desde 1996 se ha realizado el seguimiento de una plantación establecida en 
1993, de avellanos (Co/y /us avellana L.) robles (Quercus fagin ea Lam.) y encinas 
(Qu ercus ¡¡ex L. subsp. ballota (Desf.) Samp.) micorrizados por la trufa negra (Tuber 
me/anosporum Vitt.) para conocer el estado de la micorrización de dichos árboles . La 
parcela se localiza en el término de Olóriz (Navarra, España) dentro del área natural 
de producción de trufa negra . 
De 1 total de 217 árboles se seleccionaron y marcaron 15 ejemplares de cada 
especie arbórea y a algunos les fue aplicado tratamiento de acolchado con plástico o 
paja, y el resto se dejaron sin acolchado. La influencia del acolchado paja o plástico 
en la micorriza de Tuber me/anosorum ya ha sido objeto de trabajos anteriores 
(ET A YO & MIGUEL, 1998; ET A YO & MIGUEL, 1999). 
En base a las ectomicorrizas identificadas en los tres tipos de árboles el objetivo 
de este trabajo es describir e identificar las micorrizas que aparecen para así analizar 
las especies que aparecen más a menudo en cada especie arbórea , así como las 
diferentes especies fúngicas encontradas. 
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los árboles marcados. Las muestras se han estudiado a lupa y microscopio. 
En total, se han identificado 8 tipos micorrícicos: 5 a nivel de especie: Tuber 
me/al/osporum Vitt., T. a/bidllm Pico, T. bmmale Vitt., T. mfum Pico y T. 
aestivllm Vitt. Los otros 3 permanecen como tipos no identificados y llamados tipo 
AD ("angle droit", GlRAUD,1988), tipo Hy menogaster y tipo Hebeloma. Todos 
ellos son ectomicorrizas competidoras frecuentes en truferas cultivadas y citadas en 
la bibliografía. Así mismo, se han reconocido algunos "Dark Septate Endophytes". 
Palabras clave: Ectomicorrizas ; Tuba melanosporulII Vit!. ; Secuencia de 
aparición; Trufera cultivada. 
SUMMARY 
ETAYO, M. L.; DE MIGUEL, A. M.; DE ROMÁN, M. (1999). 
Ectomycorrhizae occurring in hazel (CO/ }'Ius avellana L.), oak (Qu ercus fagin ea 
Lam.) and evergreen oak (Qu erclls ilex L. subsp. ballola (Desf.) Samp.) in a 
cultivated truffle bed along 4 sampling years. Pub. Bio . Univ. Navarra. Ser. Bol .. 12 : 
13-22. 
Since 1996 an experimental plot planted in 1993 with hazel (CO/y lus avellana 
L.) , oak (Qu ercus fagin ea Lam.) and evergreen oak (Quercus ilex L. subsp. ballola 
(Desf.) Samp.) mycorrhized with Tuba melanosporum Vit!. , has been monitored in 
order to know the mycorrhizal state of the trees. This plot is located in Olóriz 
(Navarra, North of Spain) within a potential natural black truffle production area. 
15 trees of each host, out of a total of 217, were marked and sorne were treated 
with straw and plastic mulching and someother were not covered. The results of the 
influence of straw and plastic mulching in Tuber melansoporum mycorrhiza has been 
analysed in other works (ETA YO & MIGUEL, 1998; ETAYO & MIGUEL, 1999). 
Regarding the different ectomycorrhizae occurring on the three hos! tree 
species, the aim of this work is to analyse which species occur more often in each 
host tree, as well as to analyse the differences in the occurrence of fungal species 
among the various host trees . 
On the other hand the secuence of appearance of every ectomycorhizal type 
along the time in the 4 sampling years will be studied. 
Samples of the rQots of these marked trees were taken twice a year, in spring 
and autumn. To describe and identify the ectomycorrhizae, the samples were studied 
under a stereomicroscope and a microscope . 
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'"'4/¡o,o",-'lA total of 8 mycorrhizal types were classified, for 5 of which the fungus was 
identified at the species leve!. They include: Tuber melanosporum Vitt., T. albidum 
Pico, T. brumale Vitt., T. rufum Pico and T. aestivum Vitt. Three unidentified 
ectomycorrhizal types were also described and called AD type ("angle 
droit" ,GIRAUD, 1988) Hymenogaster type and Hebeloma type. All these 
ectomycon'hizal types are competing ectomycorrhizae occurring on truffle beds and 
cited in literature. Some Dark Septate Endophytes were also found. 
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INTRODUCTION 
The culture of tmffle has be en carried out in Navarra since 1990. In order to 
know the best culture conditions, several experimental plots have been planted in this 
region and are being monitored by ITGA (Instituto Técnico de Gestión Agrícola), an 
agricultural managing institute , and the University of Navarra Botany Department. 
Various cultural practices ha ve been carried out, as well as educational activities for 
agricultors (SÁEZ & MIGUEL, 1995) . 
One of these plots, planted in 1993 with hazel (COIylus avellana L.), oak 
(Quercus faginea Lam.) and evergreen oak (Quercus ilex L. subsp. ballota (Desf.) 
Samp.) mycorrhized with Tuber melanosporum Vitt., has been monitored since 
1996, in order to know the mycorrhizal state of the trees. This plot is 10cated in 
Olóriz (Navarra , North of Spain) within a potential natural black truffle production 
area. 
There are a lot of studies about how the mycorrhiza l state of a tmffle bed is 
some yea rs after the plantation, but there is no literature about how the mycorrhizae 
evo lve along the time. 
OBJECTIVES 
l . Regarding the different ectomycorrhizae occurring on the three host tree 
species, the aim of this work is: 
• To analyse which spec ies occur more often in each host tree species . 
• To ana lyse Ihe differences in the occunence of fungal species among the 
various hosl trees. 
2. Study the sequence of appearance of every ec tomycorhi za l type along the 
time in the 4 sampling yea rs (from 1996 to 1999) . 
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MATERIAL S AND METHODS 
First of all, in order to start the investigation, 15 trees of each host, out of a total 
of 217, were marked and sorne were treated with straw and plastic mulching and 
someother were not covered. The results of the influence of straw and plastic 
mulching in Tuber melanosporum mycorrhiza has been analysed in other works 
(ETAYO&MIGUEL, 1999). 
Samples of marked trees were taken twice ayear during the spring and autumn 
from 1996 to 1999 following GlRAUO's method (1988). 
The different ectomycorrhizal types occurring in every marked tree were 
identified and described folowing sorne authors works (MEOTTO et al., 1995 ; 
BENCIVENGA et al., 1992; RAUSCHER et al. , 1995; GRANETTI, 1995 ; 
GRANETTI et al., 1995; ZAMBONELLI et al. , 1993 ; PALENZONA, 1969; 
PALENZONA el al., 1972; OONNINI & BENCIVENGA, 1995). 
RESULTS AND DISCUSSION 
I. OBSERVED MYCORRHIZAE 
At the moment, a total of 8 mycorrhizal types were clasified, for 5 of which the 
fungus was identified at the species leve!. They include: Tllber melanosporllm Vitt., 
T. albidllm Pico, T. brumale Vitt., T. rufum Pico and T. aestivum Vitt. Three 
unidentified ectomycorrhizal types were also described and called AD type C angle 
droit", GIRAUO, 1998), Hymenogaster type and Hebeloma type. 
Table I.-Classified ectomycorrhizal types. 
Identified ectornycorrhizae Unidentified ectornycorrhizal types 
Tuber melanosporum Vitt. AO type 
Tuber albidum Pico Hymenogaster type 
Tuber brumale Vitt. Hebeloma type 
Tuber rufum Pico Tuber type 
Tuber aestivum Vitt. 
All these ectomycorrhizal types are competing ectomycorrhizae occurring on 
cultivated truffle beds in France and Italy and also frequent in Spain and cited in 
literature. Sorne Dark Septate Endophytes were also found (CURRAH et al., 1986; 
FERNANDO el al. , 1995; GIRLANDA & LUPPI, 1998; HORTON et al., 1998; 
JUMMPONEN & TRAPPE, 1998). 
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\o '1. ECTOMYCORRHIZAE OCCURRING IN DIFFERENT SIMBIONT 
TREES. 
The results obtained along the 7 sampling periods are sumrnarised and 
represented as a whole in the next graph. The percentage of sampled trees presenting 
each mycorrhizal type in each host tree is represented. 
Graph l. Ectomycorrhizae occurring in different s imbiont trees. (T. mel : Tuber lIl elanosporu/1/ 
Vitt; 1'.bru : T brumale Vitt.; T. alb: T albidulIl Pico ; 1'. ruf: T ruji/1Il Pico; T . aest: T 
aeslivul11 Vitt; AD: AD type; Tuber type: Tuber sp mycorrhi zae; Basidio: Basidiomycotina 
fun gi) 
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The more abundant ectomycorrhizal type in each host tree and the tree in which 
each ectomycorrhizal type is most represented are listed below according to graph l. 
Table 2.- Mos! abundan! ectomycorrh izal type in each hos! tree species. 
TREE Most abundant ectornycorrhizal type 
Haze ls Tuber melanosporum Vitt. 
Oaks Tuber brumale Vitt. 
Evergreen oaks AD type 
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Table 3.- HOSI tree specie in which each ectomycorrhizal type is mos! represented. 
Ectomycorrhizal type Tree in which is most represented 
Tuber melanosporum Vit!o HAZELS 
Tuber brumale Vit!o OAKS 
Tuber albidum Pico OAKS 
Tuber rufum Pico EVERGREEN OAKS 
Tuber aestivum Vit!o HAZEL-EVERGREEN OAKS 
AD type OAKS 
Tuber type EVERGREEN OAKS 
Basidiomycotina funghi OAKS 
III. EVOLUTION OF THE NUMBER OF ECTOMYCORRHIZAL 
TYPES. 
The number of ectomycorrhizal types appearing in each host tree has been 
analysed, to see how it increases with time. (Table 4) 
At first, evergreen oaks present the highest number of types, bul they were 
gradually overtaken by oaks in richness of types. However, at the end of these 
periods, the species richness in hazels has reached that of oaks . Therefore, the 
number of ectomycorrhizal types in hazels has increased and they are being 
invaded by other competing mycorrhizae. 
At the begining of the experiences in truffle growing, mainly in France, 
hazels seemed to be a very good symbiont, but time has showed that haze l has 
more competing species than other symbionts. 
Now after 4 sampling years , we can afirm that hazel seems to be a very good 
symbiont, but this tree starts to present more competing mycolThiza l types along 
the time. These results are in accordance to previous french eperiences (OLlVIER 
et al., 1996; CHEV ALlER, 1999). 
IV. SEQUENCE OF APPEARANCE 
The next table (Table 4) shows lhe presence of each mycorrhi zal typc at each sampl in g 
periodo The more darker of colour is, the more often that mycorrhi za appears. 
This table shows how sorne types are well instaled in the root system of the 
three host tree species, which implies that their presence is continuos once they have 
colonised the roots. 
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Surpri singly, oaks do not present Tuba me/anosporum ectomycorrhizae , but T. 
bl'/l/1/a/e (Graph 1). Since there is a lack of information on the species with which the 
trees were artificially mycorrhized before they were planted, we presume they were 
not mycorrhized indeed with Tuber me/anosporu/1/ , but with other species such as T. 
bruma/e. 
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ooserved in hazels and evergreen oaks, but not in oaks. Our last samplings have 
revealed this species is a very competing one because it beco mes more and more 
abundant once it has colonised the root system of the tree. 
At the moment, AD type does not occur in hazel. (Graph 1). 
This study will be continued along more sampling years and until the 
production of truffles starts. 
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